I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

*I*n 1978, the world's first *in vitro* fertilisation (IVF) baby was born, since then IVF has accounted for more than five million births until 2013.\[[@ref1]\] Earlier to compensate for low implantation rates and achieve acceptable pregnancy rates, multiple embryos were transferred in most of the IVF set-ups. Extensive body of literature has demonstrated that multiple gestations carry an increased risk of adverse outcomes. As documented in the ASRM Practice Committee Document titled 'Multiple pregnancy association with infertility therapy', multiple gestation leads to adverse maternal outcomes such as miscarriage, premature labour, gestational diabetes and preeclampsia.\[[@ref2]\] It also has negative impact on fetal outcomes such as low birth weight, fetal death and long-term disabilities such as cerebral palsy.\[[@ref2]\] A study published by European Society of Human Reproduction and Embryology on 50,258 births following IVF and intracytoplasmic sperm injection (ICSI) pregnancies reported that twins accounted for half of the total neonatal deaths and one-third of the perinatal deaths.\[[@ref3]\] Apart from these medical conditions, delivery of multiple babies and their long-term care incurs heavy economic costs on the community. Assisted reproductive technology (ART) still accounts for 33% of all twins and 77% higher order multiple gestations in USA.\[[@ref4]\] As a result, annual expenditures for iatrogenic preterm deliveries total twenty-six billion dollars on healthcare costs.\[[@ref5][@ref6]\]

With the continuous development in embryo culture media and embryo culture systems, it is possible to successfully culture human embryos till the blastocyst stage.\[[@ref7]\] Several studies have shown that higher pregnancy rates can be achieved with blastocyst transfer compared to cleavage stage embryo transfer. Superior implantation rates can be achieved in blastocyst transfer due to better embryo selection.\[[@ref8]\]

The pregnancy rates in IVF have reportedly doubled between 1994 and 2003 despite decrease in the mean number of embryos transferred.\[[@ref9]\] These advances can be attributed to better understanding of embryo selection process, embryo transfer technique, ovarian stimulation and cryopreservation. We can restrict the risks of multiple pregnancies and increase the cumulative pregnancy rates by the optimum use of embryos formed and cryopreservation of supernumerary embryos.

Elective single embryo transfer is defined in Society for Assisted Reproductive Technologies as 'an embryo transfer in which more than one high quality embryo exists but it was decided to transfer only one embryo'.\[[@ref10]\] eSET rates are comparatively higher in Europe, with Sweden (69%) reporting highest rate of eSET.\[[@ref10]\]

Aim of our study was to compare the pregnancy outcomes between elective single blastocyst transfer (eSBT) and double blastocyst transfer (DBT) in non-donor cycles irrespective of the maternal age.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Period and patients {#sec2-1}
-------------------

The study involved a total of 582 fresh IVF cycles performed over a period of three and half years, from January 2012 to June 2015. Patients underwent either standard insemination or ICSI depending on whichever was clinically appropriate. Maternal age was between 21 and 44 years of age with the mean age of 31.27 years. One of the inclusion criteria for the patients was that they should have developed more than one blastocyst. All the donor cycles were excluded from this study. Patients were divided into two groups depending on the number of blastocyst transferred. eSBT included the patients who transferred only one blastocyst and cryopreserved the remaining blastocyst, whereas DBT group included patients who transferred two blastocyst and may or may not have cryopreserved remaining blastocyst. Cryopreservation was performed using vitrification protocol.

Ethical clearance was obtained from institutional scientific committee.

Ovarian stimulation protocol {#sec2-2}
----------------------------

Controlled ovarian stimulation was performed using antagonist protocol along with administration of gonadotropin for 8--14 days. Patients received recombinant follicular stimulating hormone (FSH) or highly purified human menopausal gonadotropin. Daily dosages were adjusted based on the anticipated follicular response. Follicular development was monitored by transvaginal ultrasonography. When majority of follicles reached 18 mm size, human chorionic gonadotropin (hCG) was administered. The oocytes were collected 35 h post-hCG administration. Oocyte retrieval was performed under general anaesthesia with ultrasound guidance.

Embryo culture {#sec2-3}
--------------

According to the indication of a patient, conventional insemination or ICSI was performed 2--3 h post-oocyte retrieval. Oocytes were checked for fertilisation 18--20 h post IVF/ICSI by presence of two pronuclei. All the embryos were cultured in sequential media (G1 PLUS/G2 PLUS, Vitrolife, Sweden) till day 5. Blastocyst grading was performed according to Gardener and Schoolcraft blastocyst grading system.\[[@ref11]\] Blastocyst were graded based on the level of expansion, inner cell mass (ICM) and outer trophectoderm (TE). Degree of the expansion was graded from 1 to 6, where 1 refers to an early blastocyst, wherein blastocoel cavity occupies less than half the volume of the embryo, 2 refers to a blastocyst with cavity more than half the volume of the embryo, 3 refers to a full blastocyst with cavity filling more than half the volume of the embryo with slight expansion in overall size, 4 refers to fully expanded blastocyst with thinning of zona pellucida, 5 refers to hatching blastocyst and 6 refers to a hatched blastocyst. The quality of ICM was assessed from A to C, where A stands for many tightly packed cells, B stands for several loosely packed cells and C stands for very few loosely packed cells. The outer TE quality was also assessed from A to B, wherein A stands for many cells forming a cohesive layer, B stands for few cells forming a loose epithelium and C stands for very few large cells.

Patient counselling {#sec2-4}
-------------------

Patients were counselled before the embryo transfer by their infertility specialist about the advantages and disadvantages of single and DBT. Ultimately the final decision regarding how many blastocyst to be transferred was made by the patient.

Patient preparation {#sec2-5}
-------------------

After the oocyte retrieval, patient was instructed to take progesterone vaginal suppository 400 mg twice a day till the pregnancy test. Embryo transfer (ET) was performed on day 5 after oocyte retrieval. Patient was asked to take blood test for the detection of beta-human chorionic gonadotrophin (βhCG) on 11^th^ day after ET. βhCG value ≥100 mIU/mL was considered positive, if βhCG value was between 10 and 100 mIU/mL, the patient was asked to repeat the test after 48 h. Transvaginal ultrasound examination was performed 1 week after the positive βhCG to confirm the presence of gestational sac.

Statistical analysis {#sec2-6}
--------------------

Number of blastocyst transferred was the primary explanatory variable. Patient parameters, IVF outcomes and pregnancy outcomes were compared between patients undergoing eSBT and DBT. Live birth rate was the primary outcome parameter and biochemical pregnancy rate, clinical pregnancy rate, implantation rate, miscarriage rate, and twins per pregnancy rate were the secondary outcome parameters and were calculated using standard formulas. Patient parameters such as age, days of stimulation, total dose of gonadotropins, estradiol and progesterone levels on the day of hCG trigger and endometrial thickness on hCG were considered as explanatory parameters. IVF outcomes such as fertilisation rate, cleavage rate and blastocyst formation rate were also calculated using standard formulas. Descriptive analysis of all the explanatory and outcome parameters was performed using mean and standard deviation for quantitative variables, frequency and proportion for categorical variables. Data were checked for compliance with normal distribution by Shapiro Wilk test and normality plots. The statistical significance of the differences in rates of various events between both the groups was assessed using chi square test. *P* value \<0.05 was considered as statistically significant. IBM Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) version 21.0 software was used for statistical analysis.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 582 blastocyst transfers were undertaken in the study period. Out of which, 149 patients underwent fresh eSBT, and 433 patients underwent fresh DBT. As shown in [Table 1](#T1){ref-type="table"}, both the groups showed no statistical difference in mean patient age, progesterone on the day of hCG trigger, estradiol on the day of hCG trigger, oocyte number and endometrial thickness. However, the total days of stimulation and the total dose of gonadotropins were statistically higher in DBT group (*P* value 0.007 and 0.022 respectively). As summarised in [Table 2](#T2){ref-type="table"}, statistically significant differences were not observed in the fertilisation rate of mature oocytes and blastocyst formation rate between both the study groups. The cleavage rate was statistically higher in DBT group as compared to eSBT group (*P* value 0.008). All the 149 patients undergoing eSBT cryopreserved supernumerary blastocyst. In DBT group, 253 patients cryopreserved their remaining blastocyst, whereas 180 patients exhausted all their blastocyst in the fresh transfer itself, thus, having nothing to freeze (eSBT − 100% and DBT − 58.42%).

###### 

Patient parameters in both the groups

![](JHRS-10-201-g001)

###### 

IVF/ICSI outcomes in both the groups

![](JHRS-10-201-g002)

There was no statistical difference between eSBT and DBT groups with regard to biochemical pregnancy rate (15/149, 10.1% vs. 31/433, 7.2%, *P* value 0.290), clinical pregnancy rate (53/149, 35.6% vs. 193/433, 44.6%, *P* value 0.067), live birth rate (45/149, 30.2% vs. 148/433, 34.1%, *P* value 0.419) and implantation rate (51/149, 34.2% vs. 253/866, 29.21%, *P* value 0.245). Miscarriage rate was significantly lower in eSBT group (7/149, 4.7% vs. 45/433, 10.4%, *P* value 0.044). Significantly larger population of DBT cycles resulting in clinical pregnancy showed twin gestations, whereas there was no incidence of twin gestations in the eSBT group (0/149, 0% vs. 56/193, 29.01%) \[[Table 3](#T3){ref-type="table"}\].

###### 

Various pregnancy outcomes after IVF/ICSI

![](JHRS-10-201-g003)

We performed an age-wise subgroup analysis of the data and derived the following results. Implantation rates for patients who underwent eSBT were higher in all age groups (20--30 years − 34.2%, 31--35 years − 34.48%, 36--40 years − 35.29%) except in the age group of \>40 (0%), in comparison with those who underwent two blastocyst transfer (20--30 years − 32.0%, 31--35 years − 27.64%, 36--40 years − 25.73%, \>40 years − 29.41%). The difference in implantation rates was statistically significant (*P* value \<0.01) in the age groups 20--30 and 31--35 years.

There was no significant difference in clinical pregnancy rates in eSBT vs. DBT in all age groups; 20--30 years of age (37.0% vs. 46.6%, *P* value 0.207), 31--35 years of age (32.8% vs. 44.7%, *P* value 0.125), 36--40 years of age (41.2% vs. 39.7%, *P* value 1.000), \>40 years of age (0% vs. 41.2%) \[[Table 4](#T4){ref-type="table"}\].

###### 

Age-wise distribution of results

![](JHRS-10-201-g004)

Further, there were no significant differences in live birth rate for eSBT vs. DBT in age groups, 31--35 years of age (27.6% vs. 34.7%, *P* value 0.596), 36--40 years of age (35.3% vs. 27.9% *P* value 0.194), \>40 years of age (0% vs. 23.5%); however, in the age group of 20--30 years the DBT group showed statistically significant higher live birth rates (37.1%, vs. 31.5%, *P* value 0.049).

There was no statistically significant difference between eSBT and DBT groups with regard to miscarriage rate and biochemical pregnancy rates in different age groups. In the overall analysis without age stratification, we noticed a statistically significant higher miscarriage rate in the DBT group (10.4% vs. 4.7%, *P* value 0.044); after doing the age-wise sub-group analysis, the difference was found to be statistically not significant in all the groups, which might be due to small sample size in each age group.

The twin gestation rate was zero in the eSBT group, and in the DBT group, the twinning rates in all age categories (20--30, 31--35, 36--40, \>40) were 37.34, 25.0, 22.2 and 0% respectively.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

After its inception, the first two decades of IVF saw practice of transferring multiple embryos to diminish the impact of low success rates, which resulted in unacceptable high rates of higher order pregnancies. First case of twins due to IVF was reported in 1981, since then multiple gestations and IVF became inseparable.\[[@ref12][@ref13]\] Multiple gestations are associated with significant perinatal and neonatal complications such as pregnancy loss, congenital abnormalities, preterm delivery and perinatal mortality.\[[@ref14]\] However, with the progressive success of newer techniques in the field of ART, there has been a considerable reduction in triplets and higher order pregnancies in IVF, but another persistent dilemma of twin gestation is still maintained.\[[@ref15]\] Similarly, even the financial impact due to health care costs of multiple gestations has remained persistent through these years. Earlier, when the incidence of multiple gestations was 15--30% due to IVF, the delivery expenses were up to four times more per child for multiple gestations compared to single gestations.\[[@ref16]\] The European Society for Human Reproduction and Embryology has emphasised that the achievement of singleton pregnancy alone should be considered the quality of care parameter in IVF program.\[[@ref17]\]

Physicians tend to transfer more embryos in women of advanced maternal age, as age has been known to be a negative predictor of IVF success.\[[@ref18]\] These women are already at a higher risk of developing complications such as gestational diabetes and preeclampsia. For example, women over the age of 35 with preeclampsia have three times the risk of pregnancy-related mortality as compared to their younger counterparts.\[[@ref19][@ref20]\] Studies available in literature compare the eSBT with the DBT in patients less than 35 years of age.\[[@ref21]\] Few European studies have addressed the role of eSET in advanced maternal age population. One such a study found that eSET could be applied to patients aged 36--39, while drastically decreasing the multiple gestation rate and achieving similar pregnancy rates.\[[@ref22]\]

According to data compiled by Indian Society of Assisted Reproduction (ISAR) in the year 2013, the percentage of cycles undergoing the transfer of three embryos decreased from 47.3% in the year 2007 to 43.09% in the year 2009.\[[@ref23]\] This also reflected in decrease in triplet gestation rate from 3.8 to 2.9% in these years, whereas, the double embryo transfer rates increased from 21.4 to 24.78% from 2007 to 2009. Single embryo transfer was performed in 10% of IVF/ICSI cycles and remained the same in all the 3 years.\[[@ref23]\] Around 74% of all the pregnancies in the three-year period (2007--2009) were singleton gestations, and 22% of all the pregnancies were twin pregnancies.\[[@ref23]\] In general, eSET is becoming increasingly popular in certain countries where IVF treatment is covered by the states within. In India, the IVF treatment is not offered in government hospitals, ART is very expensive and only a few can afford them. As the IVF costs are typically borne by the patients themselves, multiple embryos are transferred to get higher pregnancy rates, because infertile couples do not always perceive multiple pregnancies as an unwelcome side effect; they would rather take the risk to increase their pregnancy chances in a single IVF cycle. Hence, because there is a lack of data in India as far as eSET is concerned, we decided to take up this study to evaluate the efficacy of eSET vs. DET.

Having understood the complications of multiple gestations and to reduce the number of embryos transferred, it is important to select one best quality embryo. Culturing the embryos till blastocyst stage allows the selection of more chromosomally normal embryos and increases the chance of transferring euploid embryos.\[[@ref24]\] It has been demonstrated by many investigators that in women older than 36 years of age, 59% of the top quality cleavage stage embryos might show aneuploidy, whereas 35% of top quality blastocyst might show aneuploidy.\[[@ref24][@ref25][@ref26]\] It is a known fact that the embryo physiologically reaches the endometrium only 5 days after ovulation; hence it is more logical to transfer day 5 blastocyst.\[[@ref27]\] In support of the move towards single embryo transfer (SET), we identified nine prospective randomised trials on blastocyst transfer.\[[@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36]\] Five studies have reported a significant increase in the implantation rates when embryos were transferred at the blastocyst stage, whereas three trials reported no difference in the implantation rate with respect to the day of transfer.

Several randomised studies have proven the merits of single embryo transfer for reducing the twin gestation rate, while maintaining acceptable pregnancy rates\[[@ref21][@ref37]\] In a prospective randomised trial, Gardner *et al*.\[[@ref38]\] compared pregnancy outcomes in patients undergoing either one or two blastocyst, and that there was no difference in implantation or pregnancy rates between the two groups, although there was a significant increase in multiple gestation rate, with no incidence of multiple pregnancy in patients receiving a single blastocyst. Mullin *et al*. compared pregnancy outcomes in eSBT vs. DBT for women aged below 40. The findings of this study suggested that eSBT was associated with a statistically significant reduction (92%) in the twinning rate (25% in DBT group vs. 2% in eSBT group) while maintaining a high clinical pregnancy rates (PR) (63% in the eSBT group vs. 61% in the DBT group).\[[@ref39]\]

When comparing fresh eSBT and DBT cycles in this study, it was found that parameters which influence the pregnancy outcomes such as mean age, IVF characteristics namely the level of E2 and P4 on day of trigger, oocyte number, endometrium thickness and blastocyst formation rate were similar in both the groups. The characteristics such as the number of days of ovarian stimulation and the dose of gonadotropins used were significantly higher in DBT group, but it is unlikely to influence the pregnancy outcome. Our study suggests that in clinical practice, when two blastocysts are available for transfer, DBT will not increase the live birth rate per transfer cycle, while significantly increasing the multiple pregnancy rates.

Because of the retrospective nature of this study, one weakness of this study might be the relatively small sample size in eSBT group; this was undoubtedly due to the perception of the patients that single embryo transfer could result in lower pregnancy rates as compared to multiple embryos. In most of the cases, physicians are reluctant to move towards the transfer of a single embryo if the age of the woman is more than 35 years. The main strength of our study is that as our data include women up to the maximum age of 44 years. In our study, if we look into the subgroup analysis in the age group of 36--40 years, there is no statistically significant difference in the implantation rate, clinical pregnancy rate and live birth rate between eSBT and DBT. In this age group, the incidence of twin gestation is 22.22% in DBT as compared to none in eSBT. Our data are encouraging, and the option of eSBT can be considered for older patients (\>35 years of age) with blastocyst available for cryopreservation, who prefer to avoid multiple gestation. The live birth rates were comparable up to age 40 years in our study. Among patients between 40 and 44 years of age, only one woman went in for eSBT, and it did not result in pregnancy. So in our study, the comparison of eSBT and DBT in this age group was not possible to arrive at a conclusion.

Among the multiple gestations resulting from ART, few studies have demonstrated an increased risk of monozygotic twinning, with some suggesting added risk for monozygotic twinning with blastocyst transfer.\[[@ref40]\] However, it has been reported that with an increased experience in blastocyst culture and transfer, the overall blastocyst monozygotic twinning rate has decreased over the years to the range of something that is seen with the cleavage stage transfer (0.4%).\[[@ref41][@ref42]\] In our study, we did not see any incidence of monozygotic twinning; hence the twin rate/clinical pregnancy was 0% in the eSBT group.

Interestingly, despite a higher proportion of clinical pregnancy seen in the DBT group (eSBT − 35.6% vs. DBT − 44.6%), similar live birth rates were seen in both the groups. This can be attributed to a significantly higher number of miscarriages seen in the DBT group (eSBT − 4.7% vs. DBT − 10.4%). eSBT ultimately yields similar pregnancy outcome as DBT, but there may be more adverse implications for the pregnancy through the implantation of more than one embryo. Physicians should consider this as well before deciding between eSBT and DBT.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

We have to maintain a balance between favourable pregnancy success and minimise the most common complication of IVF- Multiple pregnancy. A positive pregnancy test is not a success, but a healthy baby is. eSBT is the answer to avoid all the complications related with multiple pregnancy (MP). With the advances in freezing protocols such as vitrification, it is possible to successfully cryopreserve human blastocysts. This will increase the cumulative pregnancy rate per oocyte harvest and even allows patients to go for a second child in the future.
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